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centration  measurements. 

-  — This  study  ccmsidsred  tha  feasibility  of  a  series  of  exr>sri©ents  in 
which  a  tracar  gas  would  be  released  in  tha  western  U.S.  and  cross-country 
air  sampling  would  bo  carried  out  to  determine  the  distribution  of  tne 
tracar  as  a  function  of  time  and  distance  from  tha  source,  at  ground  level 
and  aloft.  "'^EheNf  sasibility  of  such  largs-scela  experiments  rests  on  tha 
availability  of  &  non- toad  tracer  gaa  that  can  be  detected  at  vary  low 
concentrations  using  relatively  simple  and  inexpensive  techniques.  Idaally, 

tha  amount  of  tracar  already  present  in  tha  atmosphere  should  be  below  the 

/ 

level  of  detactability. 

'sf1ro  if  in  alternative*  have  heoc  considered.  The  first  involves  takinj 
advantage  of  a  source  of  opportunity ,  emitted  from  a  nuclear  fuel  r> 

processing  plant,  to  obtain  long-range  plums  data  .-.Drawback*  era  the  high 
coat  of  85*r  sampling  and  analysis ,  which 

cm  bm  pxoCMBBcd,  mod  the  hi#  probabiHty  tint  t hm  phmm  wowld  b«  loot  in 
th*’  general  background  levels  of  at  th#  extrema  raagaa  (thousand*  t 
kft)  cf  lAtitAit  to  this  study*  /Cilcttlitioiui  ludicits  thit  dstictioo  of  • 

®*Kr  pi  sm  la  feasible  at  distance*  to  at  least  1500  km. 
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The  second  alternative  is  to  develop  new  t  racers  and  techniques 
for  continental-scale  experiments.  Potential  long-range  tracers  investi¬ 
gated  in  this  study  include  sulfur  hexafluoride  (i>F^)  and  two  fluorocarbons 
12B2  (CP2Br2)  and  114B2  (C2F4Br).  All  are  detectable  by  electron-capture 
gas  chromatography  at  extremely  J.ow  concentrations. 

The  use  of  SF&  as  a  long-range  tracer  appears  impractical  because  of 
’■he  high  svtrage  background  concentrations  already  in  the  atmosphere  (on  the 
order  of  1  part  in  lO1*)  ana  likely  interference  from  many  strong  local 
sources.  Hovavar,  SF6  is  still  <*n  excellent  tracer  for  distances  up  to 
several  hundred  kilometers. 

A  field  experiment  was  conducted  in  September  1972  to  test  equipment 
and  techniques  for  release,  sampling  and  analysis  of  12B2  and  114B2  and 
to  obtain  plume  data  to  a  distance  of  90  kilometers.  These  tracers,  along 
with  SP6,  35Kr,  methyl  iodide,  and  uranine  dye  were  releaaed  from  a  76-meter 
stack  over  a  3-hr  period.  A  detailed  discussion  of  this  experiment  is  pro¬ 
vided  in  section  2  of  this  report. 

Measurements  of  SF^,  12B2  and  11412  ware  made  with  a  duel-chromato¬ 
graph  designed  for  this  project.  The  limits  of  detection  with  this  instru- 
went  were  ebout  5  parts  in  10  (by  volume)  for  SF6,  1  part  in  10  for 
12B2  and  3  parts  in  1G12  for  114B2.  Detection  limits  car.  be  lowered  by  pre- 
concentration  of  the  sample.  A  simple  cryogenic  technique  for  field  concen¬ 
tration  of  samples  was  successfully  demonstrated  and  concentration  factors 
up  to  about  40  were  achieved;  factors  up  to  80  have  been  attained  in  la¬ 
boratory  experiments.  Concentration  factore  on  the  order  of  103  may  be  pos¬ 


sible  eftev  further  development  work.  This  would  permit  measurement  of 


■ufficlent  foe  s  cross 


air  concentrations  down  to  about  1  part  In  10 


country  experiuent 


In  situ  measurements  of  SFf,  plume  profiles  were  also  stade  with  on 


airborne  chromatograph  designed  by  the  Brookhaven  National  Laboratory 


This  instrument  proved  very  useful  and  could  sjto  be  adapted  for  use  with 


1212  and  11412 


Although  basic  procedures  lor  cryogenic  stapling  end  chromatographic 


analysis  of  1212  and  114B2  ware  aucceaafully  demonstrated,  problems  were 


encountered  which  lndlcete  that  more  development  work  will  be  needed.  The 


time  required  to  develop  e  reliable  long-range  capability  with  theae  tracers 


cannot  be  fixed  with  any  certainty*  Therefore  the  alternative  experimental 


approach  using  ^Kr  is  rscomendad  for  more  Immediate  results 


Instead  of  extensive  cross-country  sampling  of  plumes  from  a  relatively 


few  releasee  of  epeciel  tracers,  it  la  proposed  to  institute  more  limited 


long- range  sampling  •  the  existing  plum  emanating  frem  the  National  Reactor 


Testing  Ststion  In  Idaho.  Cryogenic  sampling  equipment  will  be  installed 


at  10-15  National  Weather  Service  stations  alwtg  an  arc  from  Minnesota  to 


Texas,  about  1500  km  from  the  source^  Twice-daily  samples  will  ha  collected 


over  e  4-month  period.  At  this  distance  (about  2  days  travel)  the  plums  will 


go  through  diurnal  cycles  of  wind  ml  stability  conditions  and  will  also  snow 


the  effects  of  passage  over  moaaftiaous  terrain,  f ample  concentrations  will 
be  related  to  source  strength,  meteorological  trajectories,  wind,  speed,  and 


Results  will  be  used  to  develop  e  Model  of  pluae  transport  sod  diffu¬ 


sion  to  a  distance  of  several  thousand  kilometers 


A 
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distance  of  thousands  of  kilometers.  Different  techniques  used  to  con¬ 
struct  meteorological  trajectories  will  he  tested  to  determine  which  best 
explain  the  sampling  measurements.  This  experiment  should  also  indicate 
which  synoptic  scale  weather  conditions  produce  the  highest  air  concentra¬ 
tions  at  this  distance  from  a  source  and  provide-  information  on  the  range 
cf  pollutant  dilution  factors  produced  under  different  afeteorological 
conditions. 

2.  Short-Range  Field  Trial 

An  atmospheric  tracer  experiment  was  conducted  during  the  afternoon 
of  September  22,  1972  at  the  National  Reactor  Tasting  Station  (If RTS)  near 
Idaho  Falls,  Idaho.  The  primary  purpose  was  to  field-test  instrumentation 
and  techniques  for  release,  sampling,  and  analysis  of  two  materials 
^fluorocarbons  12B2  and  114B2)  previously  identified  in  this  study  as 
potentially  useful  tracers  of  atmospheric  motions  to  distance*  of  at 
least  several  hundred  km.  The  second  oh  }  active  of  the  experi  ant  was  to 
obtain  date  on  plume  behavior  to  a  distance  of  about  90  ka  from  the  source . 
2.1  Site  Beacription 

Tha  location  of  the  Rational  Reactor  Tasting  Station  in  southeastern 
Idaho  la  shown  by  tha  shaded  area  in  figuro  1.  Tha  rectangle  surrounding 
the  site  (130  km  long  by  100  ka  wide)  roughly  defines  tha  area  of  interest 

4 

for  tha  abort  range  experiment.  The  eouthwest-northeaat  orientation 
follows  the  So-ka  River  Valley  which  tends  to  channel  low-level  wind  flow 
over  the  area.  Computer  programa  (1)  have  been  developed  to  provide  wind 
flow  pattern#  end  air  trajectories  Head  on  data  from  about  20  wind 


towers  within  this  area. 


.*  I  * 
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Tha  terrain  at  tha  test  site  la  Uluatratad  in  figure  2  along  with 
wind  tower  locatione  and  tha  computational  f  .d.  The  alte  la  fairly 
level  (mean  elevation  about  1500  a  MSL)  but  bounded  by  rugged  Mountains 
to  the  norther-*.  northeast,  and  southeast  with  peako  from  2400  to  3000  a 
above  sea  larval. 

Four  sampling  "arcs"  wars  sat  up  at  approximately  6,  18,  47  and  87  km 
downwind  of  the  release  point  as  shown  In  figure  3.  Prwisterminsd  sampling 
positions  on  each  arc  are  also  Indicated  (7  o-  ire  A,  9  each  cn  arcs  B 
and  C,  14  on  arc  D).  Tha  sampling  program  Is  lsscrlbad  in  eactlon  2.4. 

2.2  Trscsr  Balsas# 

Six  tracsr  matarials  wars  reissued  simultaneously  from  the  76-mater 
stack  of  the  SETS  chsmical  plant.  Multiple  tracers  were  used  to  allow 
tutercomparison#  and  crosa-chacke  of  tha  behavior  of  different  tracers 
and  to  lndlcata  tha  accuracy  sod  reliability  of  tha  various  sampling  and 

analysis  tachnlquas.  Planned  end  actual  total  release  amounts  for  the 

/ 

four  tracare  discussed  in  this  report  are  shown  la  Table  I.  Small 
•mounts  of  methyl  iodide  sad  urenlne  dya  were  also  released.  It  was 
Intended  to  release  each  tracer  uniformly  o*nr  e  3 -hr  period.  The 
release  began  at  1233  KST. 


;  site.  Coat our  veluce  are  in  }w 
50CO  ft.  USOO  U  nmlm 

of  the  rectee*]*  iwUcete  the  cr: 

i.  Solid  'iota  «*  teuttf  tom 


fWlicf  me?  of  the 
feet.  The  ****  * 
Barns  eloog  the  a 
spacing  (about  7. 


Figure  2 
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Sulfur  hexafluoride  (S?g)  wat  Intended  to  be  used  as  a  standard  in 
this  experiment  since  release,  sampling  and  analysis  techniques  had 
previously  been  successfully  demonstrated  (2, 3, A).  Another  important 
consideration  was  the  availability  of  an  aircraft-mounted  instrument 
developed  by  Brookheven  National  Laboratory  that  could  provide  real- 
time  SP6  plume  profiles  aloft.  The  SFg  release  ^as  accomplished  as 
planned  with  nearly  uniform  release  rate  of  about  12  g/sec  from  1233  to 
1533  except  for  e  five  minute  period  (1315-1320)  when  no  SF^,  12B2  or 


114B2  was  emitted 


The  planned  release  amounts  of  12B2  and  114B2  were  tho*e  calculated 
to  produce  the  seme  air  concentrations,  by  volume  (cc/cc) ,  as  SFft.  Some 

r 

difficulties  were  experienced  with  each  of  these  new  tracers.  The  12B2 
was  released  et  a  fairly  constant  rate  of  about  9  g/sec  during  the  same 
period  ea  SF^.  The  rate  and  total  amount  released  were  about  one-half 
(0.53)  that  of  SF6  on  a  volume  basis.  Improper  connector  threadings  on 
one  of  the  12B2  cylinders  was  reaponaibla  for  tha  reducad  release  rate 
(only  2  of  3  cylinders  were  usable).  The  114B2  was  released  at  the 
desired  rate  (about  20  g/sec)  during  the  early  part  of  the  release  period 
(1233  -  13^5  MST) .  At  1305  the  dispensing  pump  failed,  terminating  the 
flow  of  114B2.  Flow  was  subsequently  restored  for  approximately  3 -minute 
periods  at  1345,  2400,  1405,  end  1408  WST.  Scam  physical  properties  of 
12B2  and  114B2  are  iven  in  Table  2 . 


Table  2 


Physical  Properties  of  Tracer  Materials 


114B2 


Foru-lu 

Moira 'ler  Weight 
Bolling  Point  (aU) 

Preexing  Point  (*C) 

Critical  Tewp.  (*C) 

Critical  Prasa.  (pals) 
Critical  Density  (g/cc) 

H«at  of  Vaporisation  (c«l/g) 


Tha  radloactlva  gas 


Ir  (helf-lifw  10.7  years),  is  also  under 


consideration  as  a  long-range  tracer.  About  1090  Cl  wars  released  through 


tha  stack  with  tha  other  tracers  from  1236  to  1530  MSI  at  an  average  rate 
of  6,3  Ci/wln. 


Total  smounta  of  Sfg,  1222.  and  11482  released,  ware  determined  by 
weighing  the  containers  before  and  after  release;  accurate  flowmeters 


were  used  to  Monitor  relate#  rates.  The  tracer#  ware  Injected  Into  a 


atack  airflow  of  approximately  3.1  *  10Jm  par  minute < 
2.3  Meteorology 


Tha  spacing  of  routine  upper-air  measurement  stations  ie  suited  to  the 


definition  of  wind  flow  on  «  much  larger  seels  then  that  of  interest  t 


this  experiment.  This  may  fie  eeen  In  figure  1  where  ejosm  circles  indicate 
locations  of  the  synoptic  wppar-eir  sounding  stations  of  the  Vetleael 


Weather  Service.  For  this  « 
by  date  from  the  WtXS  wind  t 
ttdar- tracked  te croons. 
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The  700  sb  charts  for  1200  GCT  (0500  MST)  on  September  22  and  0000 
GCT,  ’2  hours  later,  are  shown  in  figures  4  and  5.  Theje  charts  show  that 
at  700  ab  (about  1500  ■  abovs  the  ground)  the  geostrophlc  wind  flow  '/as 
steady  from  the  veet-southwest  during  the  experiaent  (1230-1730  MST). 

Thcj  850  tab  geostrophlc  wind  (not  shown)  was  nearly  parallel  to  the  700  ab 
flow  over  the  test  site  during  this  period. 

The  main  features  of  the  3-hourly  surface  weather  charts  ire  shown 
in  figures  6-8.  The  direction  of  piL^uee  travel  is  shown  by  a  dashed  arrow 
originating  at  the  release  point.  On  the  day  of  the  experiaent,  a  cold 
front  passed  the  teat  site  at  about  0330  MST  and  then  stalled  about  100  ka 
to  the  south.  Surface  wind  data  Measured  at  stations  on  the  Snake  River 
plain  are  plotted  along  with  isobars  indicating  the  surface  geostrophlc 
wind  flow  over  the  region.  Winds  in  the  surface  layer  tended  to  follow 
the  shape  of  the  Snslce  River  Valley  from  Boise  (BOX)  to  West  Yellowstone 
(WEY) .  Thus, the  flow  was  froa  the  southwest  or  aouth-eouthwest  over 
NRTS,  apparently  opposite  to  the  geostrophlc  direction  at  1800  GCT. 

Actually  the  surface  wind  flow  was  influenced  by  a  aeso-scale  low  pressure 
center  in  the  extrema  upper  end  of  the  Snake  River  Valley  that  wee  not 
detected  in  the  synoptic  seals  pressure  analysis.  Thl#  situation  la 
typical  of  many  observed  at  the  WRTS  aits. 

Hourly  average  surface  winds  froa  the  CFA  tower  (Table  3a),  just 
south  of  the  traur  release  site,  show  strong  steady  flow  free  the  30* 

r .  > 

•actor  centered  on  southwest  throughout  the  day.  Upper  winds  (fable  3b) 
tended  to  Vacua*  aore  westerly  with  increasing  altitude.  This  is  ait 
intereating  case  illustrating  the  fact  that  .synoptic  scale  geostrophlc 
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Table  3a 

Surface  Winds  (6-meter  tower) 
September  22,  1972 
(Tracer  Release:  1230-1530  MST 


Directioi, 

(degrees) 


Table  3b 

Upper-Air  Winds  (HRTS) 


Speed  Direction  8 

(m/aec)  (degrees)  (i 


Direction 

(degrees) 


Altitude 

(meters  above  sea  level) 


Surface 

1680 

1830 

2130 


flow  can  bo  e  vary  poor  approximation  to  actual  wind  flow  In  the  aurfaca 
layar,  particularly  in  mountainous  tar rain. 

Co^mtar-calciuated  aurfaca  wind  flow  ovar  tha  aita  at  1300 ,  1600 

and  1900  M3T  i*  shown  in  figure  9,  Tha  HITS  towar  wind  data  ware  uaad 
to  calculata  hourly  average  winda.  Wil’d  arrows  ara  plotted  at  each 
tower  aita  (each  barb  represents  10  nph) .  An  Interpolation  schsne  (1)  i« 
then  used  to  .elculate  a  wtad  vector  at  each  grid  point.  Vector  length 
is  plotted  proportional  co  wind  spaed. 

Tatrooss  w  re  launched  soar  tha  tracer  release  point  st  half-hour 
intervale  during  tha  release  period  and  tracked  by  radar  to  provide 
eatlmates  of  plume  trajectories.  Tetrowi  trsjsctoriaa  and  cor pu  tar- 
calculated  aurfaca  wind  trajectories  (!)  for  tha  *ate  starting  tinea 
(KST)  ara  shown  in  figure  10,  Letters  along  aecb  trajectory  (upper¬ 
case  for  surface  winda,  lower  case  for  tattooes)  denote  successive  15- 
minute  positions  (i.a.,  A  denotes  position  15  minutes  after  start,  B 
denotes  position  30  minutes  after  start,  etc.).  A  very  steady  wind  flow 
pattern  during  the  experiment  Is  evident  with  trajectories  starting 
toward  the  sort: beast  end  gradually  curving  toward  the  north.  Tetroon 
trajectories  are  consistently  e  little  to  the  right  of  the  surface  wind 
trajectories  sad  about  501  faster.  The  entire  3-hr  plume  epvierectlt 
passed  ovar  all  *  sampling  arcs.  Travel  time  to  the  lest  sampling  arc 
(about  90  km)  was  almost  2  1/2  hrt  neat  the  ground  end  about  1  1/2  hra 
eloft.  Arc-croaaing  posit  Iona,  mass  travel  tinea  and  travel  speeds  to 
each  arc,  es  determined  from  tetroon  trajectories,  ara  provided  in 
Table  4. 


T 
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Table  4 

Tatroon  Trajectory  Data 


Azc 

Kean 

Crooalng 

Point* 

sang*  of 

Crossing 

Point* 

Width 

Oca) 

Mean 

Traval  Tin* 
(minutes) 

Mean 

Traval  Spaed 
(aetara/sac) 

A 

2.6 

2. 1-2.8 

1.08 

5 

16.6 

B 

4.9 

4. 0-5. 8 

2.46 

21 

14.6 

C 

5.0 

4. 4-5. 7 

4.28 

52 

14.9 

D** 

3.8 

2. 5-4. 8 

8.34 

94 

15.8 

*Cro**ing  point*  ar*  indicated  by  ground  aaapling  poaition 
mnabara  (at*  figure  3). 

**Traj*ctoria«  vara  extrapolated  for  thoae  tatroona  that 
war*  not  .trackad  aa  far  aa  arc  D. 


Tatroona  raspond  to  vortical  aa  wall  aa  horiaontnl  air  notion*  but 
th*  restoring  fore*  on  a  tatroon  tonda  to  daap  lta  vartical  oscillation*. 

A  preliminary  indication  of  vartical  air  action  during  th#  experiment  ia 
shown  by  th*  tatroon  vartical  action*  in  figure  11.  mowing  th*  restoring 


force  on  each  tatroon,  actual  air  actions  can  b*  calculated  fro*  thaaa 


data.  Tha  restoring  fore*  incraaaaa  as  th*  tatroon  ia  carried  e«y 
fron  ita  pr*~e*t  float  level  and  apparent  vartical  valocitiaa  way  be  in 


orror  by  as  auch  as  ±50X.  Savarthalaea,  thaaa  tatroon  flight a  indicate 

strong  vartical  notion*  with  eccuraion*  up  to  about  *00  aatara  above  th# 

t far 7 or  j|  ■  | 


terrain.  This  vat  horn*  out  alao  by  aircraft  aaapllng,  tracer#  war* 


detected  aa  high  aa  1*50  aatara  over  arc  B, 


2.4  E sapling  Pragma 
MMiiiiii  ui  ■■ 


Stapling  station#  war*  aat  «p  along  four  area  downwind  of  tha  aourc* 

I- 


Tina  aver  a sad  c 


profile*  of  th#  plena  at  ground 
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level  were  obtained  along  each  arc.  Samples  were  obtained  at  each 
station  by  pumping  ambient  air  into  plastic  bags  and  balloons  during  the 
entire  tine  of  plume  passage.  A  portable  chromatograph ,  mounted  in  a 
small  aircraft,  obtained  nearly  instantaneous  crosswind  plume  profiles 
aloft.  Cryogenic  traps  were  used  at  several  ground  stations  and  in  the 
aircraft  to  measur<  shovt-term  plume  concentrations. 

2.4.1  Time-averaged  Sample* 

At  each  sampling  position  or.  each  arc  ambient  air  was  'jumped  into 
a  48-liter  Saran  bag  at  2  to  3  litera  per  hour.  Pump,  battery  and  bag 
were  contained  in  a  portable  aluminum  case.  Pumps  were  s.ar'.ed  manually 
prior  to  plume  arrival  at  each  arc  and  were  turned  off  Svaue  time  after 
tha  entire  plume  had  passed.  Theee  samples  were  intended  to  collect 
SPg,  12 B2  aw*  114B2.  Collection  of  S f*  was  successful  but  very  little 
of  the  other  two  tracers  was  detected  in  these  bag  tramples.  Evidently, 
the  fluorocarbons  reacted  with  the  Saran,  plated  out  in  the  bag  or 
migrated  through  it.  Further  experimentation  will  be  necessary  to  find 
a  suitable  material  for  collecting  the  fluorocarbons.  Sampling  times 


end  S?g  concentrations  are  tabulated  in  Appendix  A. 

Several  methods  of  obtaining  large  air  samples  for  ®*Kr  analysis 
were  also  testad.  A  vhole-air  sample  volume  of  about  200  ft*  it  required 

flC 

for  separation  and  counting  of  Kr.  As  indicated  in  Table  5,  a  krypton 
sampler  was  eat  up  on  each  arc  (two  on  arc.  C)  and  operated  for  the  seme 


period  as  the  Saran  bag  sampler  at.  the  same  location.  At  position  C-6 
a  high-prassure  compressor  (pumping  rata  of  1.8  ft*/»in  to  3100  pal)  was 
used  to  fill  4  steel  spheres  (each  with  a  vo  lume  of  0.7  ft*  and  rated 
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capacity  of  3000  pal)  In  aa<tuanca.  Unfortunately,  thia  eanpla  vaa  lost 
durin|  laboratory  analysis. 


Arc 

A 

A 

Position 

4 

4 

Table  5 

85Ir  Saapllog  Insults 

S sapling  Hat hod 

Plea tic  balloon 

Baopreae  Balloon 

Concentration 

(pCi/SCM) 

1380 

bur  at 

B 

4 

Plastic  balloon 

339.2 

C 

3 

Plastic  balloon 

13.8 

c 

3 

Neoprene  balloon 

low  voluaa 

c 

6 

Steel  Sphere  ;< 

i 

lost  sample 

c 

A 

£eopreee  balloon 

296 

1> 

A 

Baoprena  balloon 

157.4 

At  tha  othar  aaapliag  position*,  aaall,  iw-prsaarre  puaps  vara 
uaad  to  alovly  inflate  either  standard  weather  balloona  (neoprene  rubber) 
or  ;irp  plasty  balloona.  Later,  tha  hlgh-pree*ur«  ccwpraaaor  was 
uaad  to  traasfwr  air  samples  fro*  tha  balloona  to  ataal  apharaa  for 


ahlpaant  to  tha  laboratory. 

Replicate  sample*  eere  planned  at  positions,  A"4,  C-3,  and  C-6  V5 
chock  retention  of  krypton  &,?  rubber  «ad  pi  antic  balloons.  Aa  ie  evident 

iron  Table  5,  mishaps  our  obtaining  any  raplicata  kryptoo 

■  .  . 

concept rat  Jena  ,  Hsvartbeleae,  four  of  tha  five  nnccaaafal  collect!" 


contained  concentrations  one  to  tvo  orders  of  magnitude  above  the  back¬ 
ground  of  about  14pCi/SCM.  Comparisons  with  SFg  concentrations  are  dis¬ 
cussed  in  section  2.7.1. 

2.4.2  Cryogenic  Sampling  of  12B2  and  114B2 

Several  hundred  small  cryogenic  saapling  traps  were  fabricated 
for  use  in  this  experiment.  Each  cryotrap  consisted  of  a  stainless 
steel  tube,  about  9  cm  long,  internal  disaster  about  5mo,  crisped  and 
welded  shut  at  one  'nd.  The  other  end  was  silver  soldered  to  a  smaller 
bore  copper  tuba  about  7  cm  in  length. 

To  obtain  a  cryogenic  air  sample  with  this  simple  apparatus,  the 

tube  is  lowered  into  a  dcvar  flask  containing  liquid  nitrogen.  Air  in 

•  \ 

the  tube  is  liquefied  after  about  30  seconds  and  more  air  la  continuously 
sucked  into  the  tube  until  the  submerged  portion  is  filled  with  liquid 
sir.  A  30  c®  length  of  teflon  tubing  was  fitted  over  the  open  end  of 
the  copper  tube  during  sampling  to  ensure  (hat  the  air  drawn  into  the 
tube  would  not  be  unduly  contaminated  by  nitrogen  vapor  fro*  the  flask. 

In  a  few  minutes  several  hundred  milliliters  of  air  are  drawn  into  tha 
tube  said  liquefied.  The  tube  le  then  removed  from  the  liquid  nitrogen 
and  the  trapped  air  Is  allowed  to  boil  off  as  the  trap  warms.  The 
tracers  12B2  and  114B2,  aa  well  as  other  trace  constituents  with  relatively 
high  boiling  points  will  be  largely  retained  in  the  rube.  The  end  of 
tha  copper  tube  is  then  erimped  and  the  trap  is  stored  in  the  liquid 

pi 

nitrogen  fleek  until  it  is  returned  to  the  laboratory  for  analysis 


Approximated  3-minute  cryogenic  staples  wars  taken  every  13 
wirutee  st  positions  A-4 ,  B-4 ,  C-4,  C-6,  C-8  and  D-3.  Ones  sach  hour 
duplicate  staples  were  taken  as  nearly  simultaneously  as  possible  at 
each  position. 

The  same  technique  waa  used  to  obtain  about  30  cryogenic  samples 
in  the  aircraft  as  It  traversed  the  pluaa  over  each  stapling  arc. 
Ground-level  cryogenic  sampling  results  are  tabulated  In  Appendix  B 
and  airborne  eryotrap  date  era  in  Appendix  C. 

2.4.3  Airborne  Chromatograph  Plume  Profiled 

An  electron-capture  gae  chromatograph,  developed  (2, 3)  at  Brook- 
haven  Rational  Laboratory,  was  mounted  In  a  email  aircraft  (Cessna  206) 
for  this  axperlment.  A  3 -man  crew  wee  used;  pilot,  chromatograph  operator 
end  cryotrsp  sampler.  Calibration  of  tha  chromatograph  waa  partially 
performed  at  KITS  with  lactura  bottlea  containing  10***®  and  10'**  parte 
of  SFg  per  part  of  air.  It  was  discovered,  ho  war,  that  the  instrument 
response  was  sensitive  to  barometric  pressure  end  in  e  non- linear  way. 
Since  the  atmospheric  pressure  at  Idaho  Falla  waa  about  635  mm  Hg  at 
ground  level  (1.5  km  above  mean  see  level)  end  analyses  were  fsrfcrtod 
at  altitudes  up  to  1.4  km  above  ground  level  (2.9  km  MSL)  where  the 
pressure  wee  535  mm  Mg,  additional  calibration  was  found  to  be  necessary. 
This  was  performed  in  the  High  Altitude  Test  Chamber  at  the  Health  and 
Safety  Laboratories  (HAS!)  of  the  AJBC  ia  Mew  York  City.  Simulated 
barometric  pressures  as  low  as  550  mm  Kg  wars  achieved  during  analyses 
with  standard  mixtures  of  1G~9  end  10~*°  cc/cc.  The  combined  results 
of  tbs  calibration  «t  the  HR!  site  and  at  EfeSL  were  correlated  by 


30 


least  •quarts  approximation  tad  plottad,  for  various  altitudes,  as 


shown  in  figure  12,  Tha  circle*  represent  the  averages  of  data  measured 
.  c  thraa  concentrations  and  four  simulated  altitudes.  At  1.5  x  10”^  cc/cc 


tha  sensitivity  decreased  by  a  factor  of  three  going  fro*  sea  level  to 


10,000  feat,  but  at  10  '  cc/cc  the  change  was  almost  13-fold.  In  the 


future  tha  instrument  will  here  a  constant  pressure  (sea-level  or 


higher)  within  the  detector  to  improve  sensitivity. 


Frontal  chromatography  was  used  for  sampling  instead  of  tha  more 


usual  finite  injection  jawplimg.  A  continuous  stream  of  ambient  elr  was 


passed  through  a  nitrogen  oxide-treated  molecular  sieve  column  ae  th<» 


aircraft  traversed  the  "luma .  The  column  separates  the  SF^  from  the 
oxygen,  nitrogen,  and  other  elr  components.  About  40  seconds  after 
sampling  begins,  the  SFg  starts  to  emerge  from  the  column  in  a  contin¬ 
uous  stream  which  ie  passed  through  an  elactron-captura  detector.  In 
the  detector,  the  SFg  absorbs  sow*  of  the  electrons  produced  by  s  small 
radioactive  source,  reducing:  the  electric  current  in  proportion  to 
the  amount  of  8F*.  Tha  continuous  traca  of  tha  datector  output  quaa- 
titetlvaly  daplcta  the  actual  profil//  of  5I»  in  tha  plums  d  ring  the 


aircraft  traverse.  About  46  seconds  after  the  SFft  begins  to  emerge  from 
the  column,  the  oxygen  starts  to  appear  and  tha  sampling  wist  be  stopped 


to  back! lush  the  column.  This  instrument  provide a  4 6- second  sampling 


windows  separated  by  about  3  mine  tea  required  foe  backilush*  Further 


of  this  instrument  would  ell:  a*  continuous  sampling  over  my 


desired  time  interval  by  autw.it ically  matching  chromatograph  c«I«ss» 


backflush,  fhu  instrument  retire*  150  matte  (UO  yoU  AC> 


r?H 


v*;  j 
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continuously  and  an  additional  200  watts  wMientsry  surge  for  activating 
a  solenoid  switching  valva. 

Sinca  tha  plum  was  not  visible,  tha  aucceaa  of  tha  aircraft 

saMpling  program  was  depandent  on  accurate  eatlaatea  of  piune  location 

(tha  chromatograph  sampling  period  of  46  seconds  was  equivalent  to  a 

distance  of  2  to  4  km  at  aircraft  speeds  of  40  -  80  n/eec).  The  aircraft 

was  tracked  by  a  M-33  radar  which  plotted  tha  aircraft  track  on  a  map 

of  the  test  area.  Tha  aircraft  controller  in  tha  radar  van  had  voice 

# 

coasunication  (radio)  with  tha  aircraft  as  it  flaw  planned  tracke  across 
each  of  tha  sampling  arcs.  The  controller  received  continually  updated 

4 

information  by  radio  fro*  the  control  point,  c-n  wind  speods,  tetruon 
crossing  positions  (at  each  arc)  and  tetroot  altitude  variations.  This 
information  was  used  uo  estimate  current  plume  positions,  determine  the 
altitude  to  be  flown  on  each  sampling  run,  and  determine  where  along 
the  arc  to  start  each  chromatograph  sample.  The  ohnomatoc-raph  operator 
relayed  hie  results  (froi  hie  recorder  chart  trees)  beck  to  the  controller. 
The  start  end  finish  of  oach  cryotrap  sample  was  also  directed  fro*  tha 


radar  and  sampling  positions  were  marked  on  tha  radar  plot  of  the  air— 

.  .  B  '  V  ;  *  J  J  |  ,  ■  ■[  '  %  %  • 

craft  track. 

At  least  two  campling  runs  ware  planned  at  each  of  several  alscltpdei 
over  each  sampling  ate.  The  aircraft  sampling  pregrem  wes  quit*  suc¬ 
cessful  on  the  whole,  although  unexpectedly  strong  winds  nod  operational 
difficulties  (primarily  radio  communication*  problems  and  an  unscheduled 
landing  to  replace  a  depleted  battery)  prevent**  the  full  attainment  of 
all  sampling  goals.  On  arcs  A  mod  t,  where  the  entire  phm*  camea-amctinn 
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could  be  seen  within  the  46-second  window,  cryotraps  were  used  to 
overlap  chromatograph  samples.  Cryotrap  sampling  periods  ranged  from 
2  to  5  minutes,  providing  average  concentrations  of  12B2  and  114B2  over 
distances  from  about  5  to  12  km.  On  arcs  C  and  D  where  the  entire  plume 
could  not  be  traversed  in  46  seconds,  cryotraps  and  chromatograph  pro¬ 
files  jere  taken  altsrnately  along  aach  travarec.  occasionally  with 
somt  overlap,  in  an  attempt  to  obtain  as  much  information  as  possible 

Two  samples  of  ?F^  profiles  obtslnsd  with  ths  eirborr^  chroma¬ 
tograph  are  shown  in  figure  13.  Tha  original  traces  have  been  computer 
processed  to  remove  background  nolae  and  correct  for  altitude.  Rote 
that  the  entire  plume  is  Included  in  profile  4A  but  the  aircraft  wee 
atlll  in  the  plume  at  the  end  of  the  46-second  sampling  pariod  in 
profile  21C. 

Aircraft  cryotrap  data  and  chromatograph  profile  data  are  given 
in  Appendix  C.  A  complete  set  of  profile  plots  is  available  from  tha 
Air  Resources  Laboratories,  Silver  Spring,  Hi. 

2.5  Sasqple  Analysis 

■ 

Whole-air  samples  collected  in  balloons  were  compressed  into  high- 
pressure  sphere r  and  shipped  to  Airco,  Inc.  in  Hurray  Hill,  Raw  Jersey 
for  separation  and  radio-assay  of  85Kv. 


411  other  samples  collected  were  analysed  for  5F^»  12B2  and  114*2 
b>  AXL  at  the  HXIS  uoins  chromate graphs  based  on  a  prototype  design** 

•  Va  "^3 

by  Lovelock  (3).  The  Lovelock  instrument  fabricated  for  this  project 
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for  12B2  and  114B2.  The  column  material  u«ad  for  SF^  separation  m> 

Linda  5  A  Molecular  Slava,  80-100, while  Dura pak  Low  K  Carbowax  400  on 

Poraall  P  100-3.20  mash  waa  uaad  for  separating  tha  fluorocarbon*. 

63 

Tha  detector*  uaad  15  mCl  HI  radioactive  aourcaa  and  pur*  nitrogen 
waa  uaad  aa  tha  carrier  gaa.  Tha  system  waa  oparatod  under  gas  phaa* 
coulomstrlc  condition*. 

At  praaant,  tha  practical  limits  of  detection  with  thle  chromato¬ 
graph  are  about  5  pert*  In  1013  for  SFfe,  about  1  part  in  1012  for  12B2 

12 

and  about  3  parte  in  10  for  114B2.  Tha  simple  cryogenic  trapping  pro¬ 
cedure  ueed  In  thle  experiment  (Including  subsequent  dilution  with  pure 
nitrogen)  produced  concentration  factor*  between  3  end  about  40  (average 
factor  waa  about  20)  for  12B2  and  114B2.  The  detection  limits  for 
cryotrappcd  samples  were,  therefore,  lowered  by  tha  ease  factor.  Tha 
lowest  air  concentration*  actually  measured  \'tcm  cryotrap*  were  4xl0~^ 
for  12B2  and  8x10”^  for  114B2.  Only  a  email  fraction  of  tha  stusple* 
contained  measurable  11482  because  of  the  relatively  short  release 
period. 


2.5,1  Ana  Vale  Procedure 

Time-Integrated  eaaplas  were  analysed  for  SF^  by  removing  See  of 
air  from  the  Saren  bag  collector  with  a  hypodermic  syringe.  The  swaple 
waa  then  injected  directly  upstream  of  tha  chromatograph  column.  The 
instrument  measures  the  amount  of  SF^  ip  the  staple  and  since  the 
volume  wee  known  (See)  the  concern  nation  wee  seedily  obtained.  An 
absolute  measure  of  the  amount  of  electroa-abaorbicg  substance  (SF,  , 


11212,  d*  114*2)  ymaaing  ti 


I* 


4*t*etor  my  fct  imly  If 


> 


th*  efficiency  of  ths  detector  is  know*.  Efficiencies  determined  by 


Lovelock  for  this  instrument  design  and  operating  condition  »r*  given 


in  Table  6. 


Table  6 

Chromatograph  Detector  Efficiencies 


Tracer 


Efficiency 


\az 

11412 

Freon-11* 

CC14* 


0.50 

0.50 

0.40 

0.66 


*Ue*d  to  determine  sample  volume*  (•#*  2.5.2) 


In  Attempting  to  verify  thee*  efficiencies,  it  mas  found  that  many  more 


variables  are  involved  than  mere  anticipated.  The  value#  in  Table  6 


ware  used  to  obtain  all  concentrations  reported  in  the  Appendices. 


Efforts  ate  continuing  to  verify  Lovelock*  a  efficiencies  fo-  this  parti' 


cular  instrument  ami  operating  procedure.  If  significant  change* 


result  from  this  mork,  they  will  be  reported. 


Cryotrap#  mare  removed  from  the  deear  flasks  In  th*  laboratory  and 


maintained  at  a  reduced  temperature  while  the  copper  tribe  wa-i  cut 


below  the  crimp.  A  gae-tlght  fitting  with  e  septum  vs*  placed  over 


the  open  snd  sad  the  sample  ves  wsxmed  to  ambient  temperature. 


hypodermic  syringe  me*  need  to  *ix  6  <*c  of  peri*  nitrogen  with  the 


air  sample  in  the  cryotrap  ( about  1  cc)  until  th* 
brated  mlch  t  *  nitrogen,  fire  cc  of  the  d 


equlil 


,  .  >" 


s?\,  I 

•  ? 


withdrew  in  Om  * 

As  befoJfe.  the 


c«r  <1212  and 


\  ! 


* 

I M 


•JW 


#7?  «riL  ** 


m 


#  * 

«  ‘  *  ‘ 


'  •  - 1  -  * 


.  .#y 


*  *  .e. 


37 


■ample  was  mac  a  red .  To  obtain  tha  original  concentration  in  the  ait, 
the  *££ active  volume  represented  by  the  sample  had  to  be  determined. 

2.5.2  Cryotrap  Volume  Determination 

Effective  sample  volumes  were  determined  indirectly  by  measuring 
tha  Freon-11  (CCl^F)  and  carbon  tetrachloride  (CC1A)  concentrations  in 
each  sample.  Air  concentrations  of  both  substances  may  be  assumed  con¬ 
stant  over  the  time  and  space  frame  of  this  experiment  and  both  are 
electron  absorbers  that  ars  readily  separated  and  measured  by  the  same 
column  material  used  for  12B2  and  114B2  analysis.  Measured  background 
concentrations  averaged  7.6xl0”^  cc/cc  for  Freon-11  and  7.0x10  ^  for 
CC14„  All  four  eubstancae  have  boiling  pof„;ta  wall  above  that  of  liquid 
,  nitrogen  (-196*C)  or  oxygen  (-183*0;  12B2  boila  at  22.8*C;  Freon-11  at 
23.8*C;  114B2  at  47.3*C;  and  CC1A  at  73.8*C.  For  purpose*  of  calculating 
affective  volumes,  it  wss  assumed  tha',  12B2  follow*  the  behavior  of 
Fraoa-ll  in  tha  cryotrap  procedure  and  1X4B2  follows  CCl^.  Fractiona¬ 
tion  between  Fraon-11  and  CC1A  waa  almost  always  less  that  a  factor  of 
two  aa  can  be  seen  in  figure  14. 

The  affective  volume  r eyre a anted  by  the  sample  ini*: tad  into  the 
chromatograph,  with  Frsom-11  as  the  standard,  i* 

Vf  'ini  1 

Cb 

where  C_  ie  the  mnajmred  concent  ret  ion  of  Freon-11  in  the  sample 

n 

Cv  ic  'he  background  concentration  of  Freon-11  in  the  atmosphere 
0 

is  tee  volume  of  the  injected  sample  (usually  5  cc>. 


-r* 
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For  each  sample  injected  into  the  chromatograph,  the  oeacured  amount  of 
12B2  (cc)  was  divided  by  the  affective  volume  (cc)  to  obtain  tha  12B2 
concentration  in  the  aebiant  air  originally  sampled.  A  niailar  calcula¬ 
tion  was  made  for  each  sample,  using  CCl^  aa  a  standard,  in  order  to 
determine  the  effective  volume  and  concentration  of  114B2. 

The  vatic a  Cft/C^  or  represent  the  effective  concentrating 

factor  achieved  by  cryotrapping  aa  subsequently  diminished  (mired  with 
5  cc  of  »2>  during  removal  of  the  easiple  from  the  cryotrep.  Concentra¬ 
tion  factors  with  respect  to  Freon-11  and  CCl^  are  plotted  in  figure  14 
for  all  eryotrap  samples.  The  scatter  in  the  date  indicates  that  a 
high  degree  of  precision  cannot  be  expected  with  these  experimental  pro¬ 
cedures.  In  general,  concentration  factors  appear  to  be  slightly  greater 
for  CCl^  than  for  Fraon-11  but  only  a  faw  points  show  more  than  a  factor 
Ol  two  difference.  The  line  of  one-to-one  correspondence  and  the  factor 
of  two  range  ere  shown.  These  date  indicate  an  average  concentration 
factor  of  about  20.  Presumably,  iff  the  cryutrap  volume  were  5  cc  rather 
than  1  cc,  and  tha  samples  could  ba  introduced  directly  into  the  chrom¬ 
atograph  without  dilution  with  ^  an  average  concentration  factor  of 
almost  100  should  be  achieved.  To  date,  concentration  factors  up  to  30 
have  beau  attained  in  laboratory  experiments. 

If  much  larger  samples  were  collected  unde;  rigid  procedures  with 
ell  dilutions  avoided,  it  appears  that  a  two-eta#*  eryotrap  procedure 
sight  achieve  concentration  factors  of  1Q0D  or  mors.  This  might  be 

achieved  for  example,  by  first  cryotrapping  iato  a  1  liter  container, 

*  ,•  '  ■'  ‘  ■  '  '  *  •' 

allowing  the  nitre#!*  and  <nypea  to  boil  off,  end  than  cryotrappimg 
tha  remaining  air  and  tveoa  constituents  into  a  5  cc  crap.  It  is 
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planned  to  continue  experiienta  (not  ARP  A- funded)  with  this  end  other 
concentretin*  technique*  to  determine  the  precticel  liait*  of  concen¬ 
trating  12*2  end  114B2. 

2.6  Analysis  of  SF^  Plum  Date 

lslaata,  sampling  end  analysis  of  Sfg  were  generally  successful 
and  good  definition  of  the  plum  was  achieved  both  at  the  ground  with 
t im- integrated  samples  end  aloft  with  nearly  instantaneous  croaawind 
profiles.  A*  night  be  expected ,  aom  difficulties  were  experienced  in 
the  first  field  trial  of  the  two  new  tracere,  12B2  and  114B2.  Release 
of  12B2  was  successful  although  the  release  rate  wee  about  one-half  the 
planned  rate.  The  major  problem  with  12B2  was  the  inability  of  the  Saran 
bag#,  used  for  ground-level  intagrated  samples,  to  retain  this  tracer  { 

(or  il4B2) .  Very  little  data  vara  obtained  with  114B2  because  of  this 
problem  end  the  relatively  abort  release  achieved  with  this  tracer.  On 
the  positive  side,  both  tracere  were  Successfully  cryotrepped  end  both  were 
detected  at  the  amt  distent  s sapling  ere  (about  90  km  downwind). 

Since  the  SF^  sampling  date  oet  waa  the  most  complete,  it  was  used 
for  analyses  of  plume  behavior  which  are  summarised  In  this  section. 
Evaluation*  of  12*2,  11452,  and  ®^Kr  data  were  made,  wherever  possible, 


by  comparison  with  SFg  data  and  teenies  ere  presented  in  section  2.7. 
2.6.1  Material  Be^uuce  Calculations 

Ground-lovel  concentrations  of  SF^  collected  In  Seram  begs  over  the 
entire  duration  of  plane  passage  on  each  ore  era  listed  la  Appendix  A. 
Crosewind  concentration  profiles  on  etch  arc  ere  plotted  in  figures  US 


end  16.  Therm  wee  e  autprieiiagly  sleep  drop  in  peak  concentration  fren 
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arc  A  (6  ka  downwind)  to  arc  B  (15  fan).  Tha  comparatively  long  sampling 
duration  on  arc  B  (aaa  Appendix  A)  can  account  for  only  a  small  part  cf 
this  deersass.  Paak  concentrations  on  arcs  C  and  D  (about  47  and  89  km 


downwind,  raspcctivaly)  vara  only  slightly  lass  than  on  arc  B,  although 


tha  tisaa-avorsged  plum*  had  broadenad  consldarably 


Ths  total  amount  of  SF,  that  passed  each  arc  between  tha  surface  and 


a  height  of  30  asters,  was  calculated  assuming  uniform  concentration  in 
the  vertical  within  this  layer,  a  mean  wind  sp*M  of  11  m/sec,  and  using 


the  average  sampling  durations  on  each  arc  iron  Appeudlx  A 


of  5F,,  are  as  follows 


C  'culated  amounts 


Arc  C  1.64x10 


Arc  D  1,74x10 


The  amount  of  SFg  pasting  through  this  leysr  would  be  expected  to  decrease 
slowly  with  distance  ee  the  plume  mixes  upward  to  increasing  heights. 

The  date  again  show  e  large  decrease  from  arc  A  to  arc  B  and  avan  more 
surprising,  an  lncraaaa  of  about  a  factor  of  two  eg  arcs  C  and  D  over  the 
total  at  arc  B,  The  ere  B  surface  campling  date  appear  to  be  out  of  line 
but  the  reasons  for  this  behavior  ere  not  readily  apparent. 

Crosswind  profiles  obtained  with  the  airborne  chromatograph  (Appendix 
( )  were  used  In  conjunction  with  the  ground  sampling  data  In  am  effort  to 
obtain  e  complex  material  balance  at  each  axe.  Given  the  aircraft  speed 
on  each  sampling  run  (from  radar  tracking  data)  and  tha  mean  wind  speed 

.left  (16  a/ sec;  from  tetrooo  tracking  data)  the  crmaawimd  integral  a# 

•<  ’  J..  '  ' 
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each  profile  over  arcs  A  and  B  was  used  to  calculate  the  total  sr6 
passing  through  a  3CHaeter  layer  centered  at  each  sampling  altitude. 
It  was  necessary  to  assume  that  each  nearly  Instantaneous  profile  Is 


representative  of  the  concentrations  during  tha  entire  3 -hr  period  of 
pluM  passage.  Since  only  one  aircraft  wi  used,  simultaneous  profiles 
at  different  altitudes  could  not  be  obtained,  furthar  adding  to  tha  un¬ 
certainties  in  material  balance  calculations.  The  resulting  vertical 
profiles  of  total  S?6  per  30-mstor  slice  over  ere  A  and  arc  B  are  shovn 
in  figure  17.  Bach  point  plotted  represents  a  single  ere remind  prof *la 
except  that  at  600  meters  over  ere  A,  which  ia  an  average  of  two  profiles 
(1.3x10*  and  1.9x10*  g/30m)  taken  8  minutes  apart.  This  indicates  that 
fluctuations  of  at  least  501  occurred  in  tha  crosswind  integral  at  a 
given  altitude  at  arc  A  (only  5  minutes  travel  time  U*  the  source). 

Such  fluctuations  leave  the  actual  shape  of  tha  vertical  profile  very  much 

in  doubt.  However,  it  is  clear  that  tha  plume  had  mixed  upward  to  nearly 

_  ..-T.  iiaa  aatere  lit  arc  B*  Ho  tracer  wae  detected 
1000  meters  at  arc  A  and  to  over  meter* 

at  1000  mete-*  above  arc  A  (cryotrap  data  confirm  the  nm*ative  result 
obtained  with  tha  airborne  chromatograph) .  The  top  of  the  plum*  at  *rc  * 
is  uncertain  since  high  concentrations  were  found  at  the  highest  sample* 


altitude  (1450  m). 

Integrating  the  arena  under  tha  vertical  piofilee,  the  total  SF 
vme  calculated  to  be  4,07xl05  g  peaelng  aro  A  and  1. 06x10*  g  paeeing 
arc  B.  This  compares  with  the  total  S?6  releeea  of  275  lh«  or  1.25x10*  g. 
Ik.  lnt.,7.1  UcUtrf  fX  ti».  tto  «t«l  >«1«— 

Mount.  Since  the  sampling  4«*  ***  believed  to  he 
then  a  lector  of  3,  it  i*  conjectured  that  plume  f 
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vertical  were  too  lnr;,e  at  this  closest  arc  to  permit  an  accurate  material 
balance  with  the  lira* bed  number  of  instantaneous  profile*  obtained  aloft. 

At  the  distance  of  arc  B  the  instantaneous  plume  may  have  been  more  uniformly 
mixed  in  the  vertical  and  a  such  better  result  was  obtained. 

Aircraft  sampling  on  arcs  C  and  D  was  curtailed  because  of  strong 
winds  which  shortened  the  available  sampling  period,  and  the  need  to  make 
two  landings,  one  for  refueling  and  oue  to  replace  a  depleted  battery. 
Sampling  tracks  wera  flown  across  tha  plume  at  2  altitudes  on  both  arcs 
A  third  sampling  run,  at  about  1000  meters  altitude  on  arc  D,  was  apparently 
made  Just  after  the  tail  end  of  the  plume  had  cleared  the  arc. 

Cryotrep  samples  and  chromatograph  profiles  wera  taken  at  intervals 
during  each  flight  across  the  plume  since  the  plume  width  was  too  graat, 
st  theps  distances,  to  be  encompassed  in  a  single  sample  period.  Details 
of  tha  sampling  on  arc  D  are  illustrated  in  figure  C-l  in  Appendix  C. 
Information  from  several  cryotraps  (12B2)  and  chromatograph  profiles  wea 
pieced  together  <;o  estimate  the  crossvind  integral  of  SFg  at  each  sampling 
altitude.  Results  are  shown  in  Table  7  along  with  the  integrals  previously 
obtained  by  surface  ompllng. 
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It  is  intaresting  to  not*  that  the  two  aircraft  sampling  runs  on 
arc  C  war*  made  about  an  hour  apart.  All  th*  data  show  esaant tally  the 
same  crosswind  integral,  an  average  of  about  1.6x10^  g/20®  on  both  area. 

If  we  assume  this  value  remains  uniform  with  altitude,  a  plume  top  at 
2340  aetara  would  give  th*  proper  material  balance  (total  of  1.25x10^  g 
of  SFg) ,  Thle  height  appear*  reasonable  when  compared  to  the  height  of 4 
at  least  1800  metera  estimated  at  arc  B  and  in  liyht  of  the  feet  that 
surface  air  concentration*  changed  very  little  from  arc  B  to  arc  D. 

2.6.2  Estimates  of  Crosswind  Standard  Deviation 

Istimat  is  of  the  crostwind  standard  deviation  (<Jy)  of  th*  plume 
were,  calculated  from  the  ground  sampling  data  (figs.  IS  and  16)  and  the 
airborne  chromatograph  profile*.  With  the  strong  winds  and  fairly  strong 
insolation,  stability  conditions  during  th*  experiment  were  estimated  to 
lie  between  Pasquill  categories  C  and  D  (slightly  unstable).  Curves  of  ay 
as  a  function  of  plume  travel  distance  for  these  conditions  are  shown  in 
figure  18  along  with  the  value*  obtained  In  thle  experlmen  These  curves 
es  presented  by  Turner  (6)  were  extrapolated  fro*  experimental  data 
largely  confined  to  travel  distances  of  a  few  km  with  sampling  durat  ions 
on  th*  order  of  3  misxutee.  The  aircraft  profiles  represent  nearly  instan¬ 
taneous  "enapshoto"  of  the  plume  while  th*  ground  sample  profile*  represent 
the  result  of  superimposing  i~my  such  "snapshot#"  taken  over  y  Vhr  period, 
thus  incorporating  the  effect*  of  plume  meander  at  each  arc.  Aa  expec  *d, 
the  aircraft  "e&aprfcots"  yield  relatively  small  values  of  cry  and  the  time- 

rnl’ 

averaged  distributions  yield  much  larger  values. 
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The  point*  indicated  by  crosses  (3-hr  samples)  war*  calculated 
using  a  standard  formula  for  the  r^andard  deviation  of  a  frequency 


distribution 


where  p  *»  tXf2/TX 

(y)z  -  (sxy/rx) 


and  values  of  y  (croaswind  distance)  end  x  (concentration)  are  determined 


at  unit  intervalo  of  y 


The  ay's  measured  for  the  3-hr  sampling  duration  at  arcs  A  and  B 


are  larger  than  those  estimated  for  3-«inute  samples  (represented  by  the 


range  between  curves  C  and  D).  However,  the  measured  3-hr  values  on 


arc*  C  and  D  appear  to  approach  the  3-minute  expected  values.  This  may 


rsault  from  the  unusually  email  amount  of  plume  meander  during  the 


experiment;  as  the  dift^iou  component  of  the  horizontal  spread  grew 


larger  with  Increasing  distance,  the  component  due  to  plume  meander 


became  lesa  significant 


Since  ay  veil  «s  nmesured  in  dlf  fuel  "a  experiments  ere  tea?  ily 


applied  to  e  Gaussian  plume  modal,  it  is  interesting  to  computs  cry  from 


thesa  measurements,  assuming  a  Gaussian  distribution.  Under  this 


where  I  is  the  measured  croaswind  integral  (area  under  the  curves  in 


figrrea  15  and  16)  and  A  i*  the  amplitude  or  peak  concentration 


V 


Th«  solid  triangles  plotted  in  figure  18  represent  cry  values  eel 


culsted  from  eq.  3.  Presumably  a  Gaussian  plume  model  would  better 


reproduce  the  observed  peak  concentrations  using  these  "effective"  »Ty 


values.  This  raises  a  question  as  to  the  most  efficacious  way  to  derive 


0y  estimates  from  experl’icntal  data  where  distribution^  are  not  truly 


normal.  Results  for  the  two  methods  illustrated  h%  t  differ  by  more 


The  standard  deviations  from  aircraft  profiles  (open  circles)  were 


derived  from  eq.  3.  Numbers  in  parentheses  indicate  that  3  separate 


profiles  gave  the  indicated  ay  value.  On  arcs  C  and  D  the  plume  was  too 


vide  to  obtain  cry  estimates  from  airborne  sampling 


2.6.3  Calculated  and  Measured  Peak  Concentrations 


Peak  ground  level  SFg  concentrations  expected  from  a  continuous 


Geuosian  plume  may  be  calculated  at  each  umpling  arc  from 


where  x  "  peek  concentration  (g/tsJ) 

Q  •  emission  rate  (11.6  g/sec) 
u  •  mean  wind  spaed  (13m/eec) 

H  -  Initial  plums  height  (76m) 


horizontal  end  vertical  standard  deviations  (m) 


Estimated  values  of  ay  and  az  (maters)  for  stability  conditions 
mid-way  between  Faequill  categories  C  end  D  are  (6) : 


Thesa  o  valuta,  based  on  approximately  3-min  sampling  data  were 
used  in  aq.  4  to  calculate  the  3 -min  peak  concentration  plotted  (croaa 
in  circle)  in  figure  19.  Although  the  relationship  between  concentra¬ 
tions  obtained  over  different  sampling  periods  is  complex  (dependent 
on  the  relative  effects  of  turbulent  diffusion  and  trajectory  meander) 
these  values  can  le  adjusted  for  a  3-hr  sampling  period  using  an  approxi 
mate  relationship,  suggested  by  Turner  (6) ,  based  on  experimental  data 


wn^re  t  is  sampling  period  and  the  subscript  s  denotes  the  desired  period 
end  k  demotes  the  period  for  which  the  concentration  is  known.  This 
Indicates  3-hr  peak  concentrations  would  be  one-half  the  3-min  values. 
Calculatad  peak  concentrations  adjust  ad  to  a  3-hr  sampling  pariod  are 
plotted  as  a  solid  curve  in  figure  19.  The  dashed  curve  gives  the  peak 
concentration*  from  tha  time-integrated  ground  samplae  adjusted  to  a  3-hr 
sampling  pariod  (concentrations  multlplisd  by  the  ratio  of  actual  sampling 
pariod  to  3  bra).  The  ehape#  of  the  two  curva*  are  quit*  different. 

and  calculated  seek  concentrations  agree  well  at  arc  A  but  the 
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vertical  spreading  of  the  plum  at  arc  B  than  assumed  In  the  calcula¬ 
tion*.  A*  mntlonad  earlier,  Material  balance  calculations  suggest 
that  the  vartlcal  spread  of  the  plum  Increased  only  slightly  from  arc 
B  to  arc  D.  As  a  result,  the  calculated  and  matured  concentrations 
agree  well  at  arc  C  and  the  masured  peak  at  arc  D  is  actually  higher 
than  calculated,  dot*  that  the  adjusted  (3-hr)  peak  concentration  on 
arc  D  is  slightly  greater  than  on  arc  C, 

Calculated  3-«in  concentrations  my  be  compared  with  the  peak 
concentrations  observed  in  approximately  3-aln  cryogenic  samples  et 
the  ground  (cresses)  end  with  instantaneous  pesk  concentrations  obtained 
in  the  aircraft  plum  profiles  (open  circles).  Calculated  end  mesured 
peeks  agree  within  about  a  factor  of  two  except  for  the  ground-level 
cryotrap  on  arc  B. 

2.7  Tracer  InterccnaparlRons 

9 

Direct  comparison  of  12B2  and  114B2  concentrations  with  SP6  was 
prevented  by  the  failure  of  the  Saran  bag  samplers  to  retain  the 
fluorocarbons.  However,  indirect  comparison*  of  SFg  with  85Kr,  12B2, 


and  11412  ware  aada  wherever  possible. 


2.7.1  Comparison  of  03Kr  with  SF^ 

Whole-air  samples  (balloons)  analysed  for  ®*Kr  end  Saran  bag  eamnlea 
analysed  for  SF^  were  available  at  the  positions  listed  is  table  8.  Both 
system  sampled  continuously  during  the  tim  of  plum  passage  end  were 
turned  on  and  off  at  the  asm  tim.  The  expected  ratio  of  ®^Kr  (pCl/SCH) 


*} 

to  SFg  (lCT^  cc/cc)  la  55,  based  on  the  release  mount*  (background 
of  15  pCi/SCM  ms  subtracted  from  85Kr  valuta) .  Som  deviation  free 
this  ratio  would  be  expected  because  of  a  difference  of  a  few  minutes 


in  the  rt*p*c£lv«  period*  and  daviationa  from  tha  mragi  release 

rates  (about  ±35%  for  85Kr).  This  cannot  explain  the  large  discrepancies 

at  B-4  and  C-3.  Cryogenic  samples  at  B-4  suggest  that  the  SF^  measured 

at  that  position  is  low  by  about  a  factor  of  2  but  adjustment  for  this 

85 

would  still  leave  a  discrepancy  of  isore  than  a  factor  of  2  in  the  Kr/SF^ 
ratio.  At  C-3  there  is  nothing  to  indicate  which  measurement  is  correct, 
might  have  been  lost  during  collection  or  later  handling  of  the 


sample. 


Sampling 

location 


Table  t 


Comparison  of  85Kr  and  ST,  Samples 


°  jKx 

(pCl/SCM) 


sr6 

”12ec/cc] 


85Kr/SF6 


Background 


7A\ 


2.7.2  Cryogenic  Sampling  Kesults  (12B2  and  114B2) 

Crycgatlic  sampling  was  intended  only  to  augment  the  more  precise 
data  obtained  from  Saran  bag  collections  at  the  ground  and  the  SFg 
profiles  aloft.  Shan  the  Saran  bag*  * Ailed  to  retain  the  fluorocarbons, 
the  cryotrapa  became  the  only  source  of  data  on  12B2  and  114*2  concen¬ 
trations. 

b 

Cryotrap  samples  were  taken  every  fifteen  minutes  at  one  location 
on  each  sampling  ere  {3  locations  on  arc  C).  Bate  are  provided  in 
Appendix  B.  An  Illustration  of  the  plums  concentration  fluctuations  with 


4\ 


time  at  a  fixed  sampling  position  (C-6)  la  ahovn  In  figure  20.  When 
duplicate  samples  were  taken,  both  the  range  and  the  mean  are  shown. 

Simultaneous  cryotrap  samples  were  taken  otce  each  hour  at  the 
sampling  positions  listed  in  Table  9.  Sample  pairs  are  listed  only 
when  at  least  one  positive  reeding  was  obtained.  Ir  general,  the  12B2 
sample  pairs  reveal  the  lack  of  precision  inherent  in  the  cryotrap 
techniques  used  in  this  experiment.  Although  some  pairs  of  simultaneous 
samples  show  good  agreement,  others  differ  by  a  factor  of  4  or  more. 

Two  steps  in  the  sampling  and  analysis  procedure  are  believed  to  have 
caused  most  of  the  trouble.  First,  allowing  moot  of  the  02  and  N2  to 
boil  off  bafora  crimping  the  cryotrap  may  have  allowed  fractionation 
to  occur;  that  is,  different  fractions  of  12B2  end  Freon  11  may  escape 
from  the  trap.  Thie  problem  may  have  been  most  severe  with  the  duplicate 
aamplea  because  of  the  difficulty  in  handling  two  samples  simultaneously. 

The  12B2-SFg  comparisons  (Tables  10  and  11)  show  better  agreement  than 
the  duplicate  samples. 

Only  2  pairs  of  114B2  simultaneous  measurements  were  obtained 
but  they  show  agreement  well  within  e  factor  of  two.  Based  on  release 
rates,  114B2,  when  present  in  e  sample,  should  ehow  about  twice  the  12B2 
concentration. 

An  indirect  comparison  may  be  made  between  12B2  end  SF^  concentrations. 
At  those  sampling  positions  where  cryotrap*  were  taken,  the  SFg  in  the 
Saren  bag  collection  can  be  need  to  calculate  the  average  12B2  concentration 
during  the  collection  period  (1212/SFg  «  0.53).  By  evorifing  the  cryotrap 
concentrations  taken  every  15  minutes  during  plume  passage,  one  can  also 


flftttr*  20.  Variation  o 
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estimate  the  average  12.B2  concentration  during  the  Saran  bag  collection 


period.  Results  of  these  two  estimates  are  compared  in  Table  10. 


TaLle  10 


Comparison  of  Cryotrap  Samples  (12B2)  with 
Time-Integrated  Samples  (SFg) 


Sample 

Position 


Eati— >  ,ed  12B2  Concentration  in  Saran  Bag 
(10~12  cc/cc) 


From  SF(.  in  bag 


Fr/ra  Cryotrap  a 


Not  datectable 


Not  detectable 


Agreement  ie  rather  good  in  every  case.  This  may  indicate  that  while 


the  cryotrap  procedures  were  subject  to  rather  large  random  errors,  as 


indicatad  by  the  duplicate  sample  results  shown  in  table  9,  the  average 


of  a  ear lea  of  cryotraps  was  much  more  reliable. 


On  arcs  A  and  B,  individual  aircraft  chromatograph  profiles  of  SFg 


and  cryotrap  samples  (12B2  and  114B2)  both  encompassed  the  entire  plume 


cross-section.  Since  the  cryotraps  sampled  for  a  longer  period  (1  to 


3  minuteo  compared  to  46  seconds)  the  cryotrap  concentrations  should  be 


lower  than  tha  average  concentration  in  the  corresponding  SFg  profile, 


The  S?g  profile  area  (sec  cc/cc)  divided  by  the  cryotrap  duration  (aec) 


for  each  pass  gives  the  expect**  5F6  (or  114B2)  concentration  in  the 
cryotrap.  Adjusting  for  release  rates  by  multiplying  by  0.53  gives  the 


expected  1282  in  the  cryotrap.  Table  11  compares  the  measured  12B2  and 

jiZZSEI .  T  .  .  J2ssSStSu(MS\i.  ■  :imr;  1*. .  -  -  A  w  '•<**  <■ 


needed,  are  summarized  b«lov 


114B2  cryotrap  concentration®  with  the  expected  concentrations  calculated 
from  the  SF&  profile®.  Basic  data  are  provided  in  Appendix  C.  The  agree¬ 
ment  between  measured  and  calculated  values  la  surprisingly  good  con¬ 
sidering  the  uncertainties  involved.  The  onset  time  of  cryofrar  sampling 
(after  the  cryotrap  was  immersed  in  liquid  N2)  is  known  to  »•:  •«  been 
variable  and  the  flow-rate  into  the  trap  after  sampling  began  was  not 
uniform.  In  the  rapidly  changing  concentration  field  encountered  as 
the  aircraft  travarted  the  plume,  is  is  estimated  th/.t  these  factors  could 
affect  the  measured  concentration  by  i30  percent.  v> her  uncertainties 
involved  in  the  cryotrap  sampling  and  analysis  procedures  have  already 
been  discussed. 

2.8  Conclusions 

This  first  field  test  of  instrumentation  and  techniques  for  release, 
sampling  and  analysis  of  two  new  atmospheric  tracers  achievad  most  of  its 
objectives.  Feasibility  of  a  simple  inexpensive  cryogenic  sampling 
procadura  for  fluorocarbons  12B2  and  114B2  has  been  demonstrated.  Concen¬ 
trations  down  to  4  parts  in  1014  of  air  ware  cryotrapped  in  the  field  and 
measured  by  an  electron-capture  gas  chromatograph.  Several  problem  were 
uncovered  which  indicate  the  need  for  further  development  work  before  r 
completely  satisfactory  meteorological  experiment  can  be  conducted  with 
these  tracers. 

The  most  complete  set  of  data  wae  obtained  with  the  SF^  tracer  using 
previously  tested  techniques.  The  use  of  an  airborne  chromatograph 
greatly  enhanced  the  information  obtained  by  ground-leval  sampling. 
Results,  problems  ancouotsrsd,  and  areas  where  further  development,  is 
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2,8.1  Plume  Transport  and  Diffusion 

Plume  trajectory  and  horizontal  spread  ware  well  delineated  to  a 
distance  of  almost  90  km  by  ground-level  SFg  samples  and  airborne  chroma¬ 
tograph  profiles.  Radar  tracking  of  tetroons  launched  near  the  tracer 
rele**"*  point  proved  very  useful  in  locating  the  narrow  plume  and  direc.t- 
ing  aircraft  sampling..  Dependence  of  the  horizontal  standard  deviation  (cry) 
sampling  duration  ie  clearly  aeen  in  comparing  instantaneous  values  from 
airborne  sampling  with  long-term  average  values  from  continuous  ground- 
level  samples.  More  such  data  are  needed  to  develop  a  functional  relation¬ 
ship  dependent  on  stability,  wind  speed,  and  plume  travel  tie*  ot  distance. 
Another  problem  encountered  in  the  analysis  involves  the  estimation  of 
ay  from  «ep*.r*-N,mtel  data  that  are  ncn-normally  distributed.  On  the  18-km 
arcr  for  example,  ay  of  the  actual  cross  wind  distribution  at  ground  level 
differed  by  more  than  e  factor  of  two  from  the  cry  obtained  by  *8v<umlng 
a  Gaussian  distribution.  Since  experimental  values  are  intends i  for  use 
in  a  Gaussian  plume  model,  it  seems  logical  to  use  th#  Gaussian  assump¬ 
tion  in  estimating  Cy  from  plume  concentration  data.  It  is  euggested 
that  mors  attention  be  given  to  effects  of  sampling  duration  and  methods 
of  esti w  ■+'’•*%  cry  so  that  experimental  data  from  dif  studies  could 

be  placed  01  a  truly  compatible  basis. 

Sampling  profiles  aloft  indicated  that  the  plums  had  elxad  upward 
to  nearly  1000  maters  at  the  6  km  arc  hut  the  calculated  total  amount  of 
gfg  passing  thi*  arc  was  shout  a  factor  of  3  too  high  when  compared  to 
tin  relearns  amount.  This  suggests  that  the  instantaneous  plume  wea  not 
spread  through  the  1000  mater  layer,  bet  rather,  *  more  narrow  phtan 


experienced  verticil  oscillations  within  the  layer  that  resulted  in  an 
unrepresentative  vertical  profile  being  obtained  fro*  non-sisaultaneous 
crosewind  profiles  at  different  altitudes.  This  hypothesis  could  be 
checked  with  another  tracer  experiment  under  similar  meteorological 
conditions*  using  several  aircraft  to  obtain  a  serias  of  alariltaneous 
profiles  is  several  altitudes  over  the  arc.  Another  possibility  might 
be  to  visually  observe  and  photograph  a  plume  of  smoke  or  dye  under 


similar  conditions. 

Ctosswind  profiles  and  material  balance  considerations  suggest  that 
the  plume  had  spread  fairly  uniformly  in  the  vertical,  to  about  2000 
meters  at  18  km  and  ebout  2300  meters  at  40-90  km.  Unfortunately,  with 
strong  winds  blowing  the  plume  rapidly  past  the  arcs,  there  was  insuffi¬ 
cient  time  to  directly  establish  the  altitude  of  the  top  of  the  plume 
beyond  the  first  arc.  The  use  of  two  aircraft  in  future  experiments 
of  this  type  would  Involve  little  additional  expense,  while  greatly 
enhancing  the  prospects  for  attaining  all  objectlvea  of  the  experiment. 
2.8.2  Tracer  Release ,  Sampling  and  Analysis 

Several  problem*  were  encountered  in  release,  sampling  and  analysis 
of  1282  and  11412.  Noue  of  theaa  difficulties  appear  to  be  insurmountable. 

There  were  no  serious  problems  in  ths  relesss  of  SFg  or  12B2.  How¬ 
ever,  release  of  114B2  was  terminated  when  tha  dispensing  pump  failed. 

This  was  a  mechanical  problssi  that  should  be  overcome  by  equipment  changes 
Saran  beg  sample  collectors  that  worked  wall  with  SF6  were  found  to 
rstain  12B2  and  114B2  vary  poorly.  It  is  likely  that  some  other  plastic 

will  prove  (.writable  for  these  tracers;  othavwiase  a  different  long-term 

-  ; 

sampling  system  would  have  to  be  dnvJsed. 
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A  better  controlled  cryotrapping  technique  should  be  developed.  A 

controlled  release,  In  tha  laboratory,  'f  the  02  and  »2  ln  th*  crF0“ 
trapped  sampla  would  be  preferable  to  boiling  off  these  constituents  in 
the  field,  i.  larger  cryotrsj]>,  at  least  5cc,  should  be  uaed.  Procedures 
for  achieving  greater  concentration  of  the  sample  should  be  investigated 
further.  In  princir*'  »,  a  jocie  Uxeting  factor  of  10^  seems  attein'ible 
by  *  2-sttge  cryotrep  procedure  ae  suggested  in  section  2.5.2.  This 
could  extend  the  range  for  detection  of  these  tracers  to  1000  km  or  nore. 

The  airborne  chromatograph  ia  being  further  developed  at  lrookhmven 
to  pemit  continuoua  sampling  over  any  desired  time  (by  automatically 
switching  chromatographic  columns  during  backflush).  Thia  development 
will  greatly  enhance  its  usefulness  in  meteorological  tracer  work.  Some 
additional  work  would  be  required  to  adapt  tha  instrument  to  12B2  and 
11492  rather  th*q  (or  in  addition  to)  SF^. 

Finally,  tha  afflciancy  of  a  gas  chromatograph  for  a  given  trace 
compound  can  be  precisely  established  (6)  so  that  concentration  meaeure- 
mats  are  absolute.  Lovelock's  calibrations  for  the  Instrument  used  in 
this  experiment  have  amt  yet  been  confirmed.  Effort  a  to  teaolva  this 
problem,  in  conedltatiou  with  Lovelock,  are  continuing. 

2.8.3  Feasibility  of  Loog-Ramga  Experiments 

If  tha  difficulties  brought  to  light  in  this  field  test  cam  he 
overcome  by  further  development  work,  it  say  be  feasible  ee  use  these 
tracers  tor  s  cross-country  diffusion  amperimMt.  Assuming  that  a 
2 -stage  cryctrap  or  soma  ocher  concentrating  procedure  could  lower  tba 
detection  limit  to  a  few  parts  in  1P^  of  air,  the  amoant  of  tracer 


needed  for  a  cross-country  experiment  wo*  .Id  depend  on  the  existing  back¬ 
ground  concentration  in  the  atmosphere.  Estimated  background  concentra¬ 
tions  and  calculated  tracer  amounts  required  for  a  cross-country  experi¬ 
ment  are  shown  in  Table  12  for  SP6,  114B2  and  12B2.  Background  values 
for  SFg  are  based  on  actual  measurements  which  indicate  great  variability 
due  to  many  large  local  sources.  Background  values  for  114B2  usd  12B2 
ara  based  on  the  assumption  thst  the  total  production  to  date  reaidea  in 
the  atmosphere  and  ia  uniformly  distributed.  This  assumption  appears 
reasonable  for  12B2  but  Information  from  Dupont  indicates  that  114B2  Is 
probably  destroyed  in  use  and  background  concentrations  may  be  comparable 
to  12B2 .  Background  measurements  should  bs  attempted  when  an  adequate 
concentration  technique  ia  developed. 

Tracer  requirements  were  calculated  assuming  a  12-hr  release  ia  the 
western  U.S.  and  four  days  travel  time  to  the  east  coast  where  the  desired 

is  50  times  background.  Amounts 


peak  concentration  in  a  12-hr  sample 

required  per  experiment  v  iry  from  ebout  1000  lb  of  12B2  to  more  than  17 

tons  of  SI6.  The  tracer  coat  of  about  $6000  par  experiment  would  make 

the  use  of  12B2  feasible.  If  the  background  proved  to  he  as  law  as 

Dupont  believes  r  the  cost  for  114B2  would  be  about  ths  seen  as  for  12B2 • 

In  summary,  5F*  ia  the  tracer  of  choice,  at  present,  for  distances 

to  several  hundred  km,  however,  the  high,  and  rapidly  increasing,  back¬ 
up 

ground  concentration  precludes  its  use  on  a  cross-country  scale.  The 
fluorocarbons,  12B2  and  11412,  both  appear  promising  as  loag-ran*s 
frvr«ra.  kacktrround  is  believed  to  be  very  low  and  there  is  a  reasonable 


possible.  More  work  is  needed  on  procedures  for  rslssse,  sampling,  and 
precise  measurement  of  these  new  tracers,  bisi'-  procedures  for  cryo- 
trapping  and  chromatographic  analysis  of  the  tracers  v*re  successfully 


demonstrated  in  this  field  triel 
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Appendix  A 


Ground-Level  SP^  Samples 


Ambient  air  was  slowly  pumped  at  a  uniform  rate  Into  Saran  bag 


collectors  during  the  entire  time  of  plume  passage  at  each  arc.  Since 


the  samplers  had  to  be  turned  on  and  off  manually  with  limited  manpower 


available,  some  samplers  operated  much  longer  than  others,  thus  diluting 


the  collected  sample  concentration. 


Samplers  marked  with  a  star  on  arc  D  operated  for  less  than  the 


full  period  of  plume  passage  due  to  mechanical  trouble.  Sampling  times 


at  these  positions  (D-l,  2,  and  8)  ara  uncertain  and  results  are  doubtful. 
ND  indicates  SFg  was  not  detectable  (less  than  about  5xl0~^cc/cc) . 
Ground-level  SF^  sampling  data  ara  plotted  in  figures  15  and  16. 
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Appendix  B 


Ground-Level  Cryotrep  Savplxng  Data 


Cryotrapn  were  used  to  take  approximately  3-minute  samples  every 


15  ninutee  at  the  indicated  positions  on  each  arc  (see  figure  3  for 


stapling  locations).  Note  that  two  staples  were  taken  simultaneously 


once  per  hour  at  each  location.  Concentrations  are  given  in  parts  per 


10 12  of  air  by  volume  (cc/cc).  A  sample  was  collected  and  analysed  for 


12B2  and  114B2  for  every  time  shown.  Where  no  concentration  is  shown  the 


concentration  was  below  the  detection  limit.  The  min  Innas  detectable  con¬ 


centration  varied  from  sample  to  sample*  depending  on  the  concentration 


factor  achiaved  with  each  cryotrap,  but  tha  limit  waa  usually  less  than 
5x10”^  for  12B2  and  lass  than  1x10"^  for  114B2. 


Baaed  on  average  emission  rates*  concentrations  of  114B2  should  have 


been  about  twice  those  of  1212  when  114B2  waa  present  the  plume.  Except 


for  several  bursts  of  a  few  minutes  duration*  114B2  was  released  only  dur¬ 


ing  tha  firet  half-hour  of  the  3-hour  releaee  period  (see  eaction  2.2). 


Relatively  few  sample*  were  taken  whan  114B2  was  present. 
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Table  B“1 


Ground-Level 


Cryotrap  Sampling  Data 


Position:  B-4 


Position:  A-4 


Concentration  (XlCf  3,2 ) 


Concentration  (X10~  *) 


r 


C-t:  f«»  1320  to  1700  »t}  only  pealtiva 

wta  n  fiain”!*  1I11\  a*.  ItnA  um 


UWHBf, 


Table  B-l  (con’t.) 


Position:  C-4 


P* 


Concentration  (X10-^) 
B2 


Tine 

:kst) 


Poaltlon:  C-6 


Concentration  (XIO-1^) 
.4B2 
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B-3 


Table  B~1  (con’t.) 


Poaltion:  D-6 


Concentration  (X10~  ) 


Moved  to  Piaition  D-3 


Appendix  C 

Airborne  Sampling  Data 


Cryotrtp  samples  (12B2  and  114B2)  oxul  chromatograph  profiles  (SFg) 
were  taken  as  the  aircraft  made  passes  over  each  arc  at  several  altitudes. 
Cryotrap  data  are  given  In  table  C-l  and  chromatograph  data  in  table  C-2. 

Sampling  altitudes  are  given  as  height  above  terrain.  Approximate 
mean  terrain  height  (meters)  above  sea  level  at  each  arc  is: 

Arc  A  1490 
Arc  B  1490 
Arc  C  1460 
Arc  D  1550 

The  aircraft  made  nearly  straight-line  passes  over  each  ere.  Aircraft 
positions  ere  indlcrted  by  the  nearest  ground-sampling  position  on  area  A 
£od  1*  and  estimated  to  the  nearest  tenth  of  tha  distance  between  posi¬ 
tions  on  arc  C.  Tor  example*  C  2.9  Indicates  a  position  nine-tenths  cf  tha 
may  from  C-2  to  03  (see  figure  3).  On  arc  D9  tha  straight-line  flight 
path  departed  significantly  from  the  sampling  arc  so  aircraft  sampling 
positions  are  shown  in  figure  C-l.  The  reader  is  cautioned  that  sampling 
times  A*d  locations  are  only  approximate;  not  precise  enough*  for  example* 
to  determine  tha  plums  tilt  with  altitude. 
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Tab  lit  C-i 


Aircraft  Cryotrap  Data 


Notaa 


Laboratory  tasts  Indicated  that  tha  cryotrap  began  to  draw  in  out- 


alda  air  an  average  of  30  seconde  after  iaaeraloa  in  liquid  nitrogen. 


Therefor  aaaple  starting  tlaiea,  here  given  to  the  nearest  aim.te,  are 


aasumd  to  be  30  second#  after  the  cryotrap  is  ianersed  in  the  flaak  of 


liquid  nitrogen.  Staple  duration  le  given  as  toi.nl  time  of  inner n Ion 


less  30  eeconda. 


*3«aple  25A:  Thara  i*  bom  doubt  about  the  location  of  thia 


sample  due  to  radio  troubla  and  lota  of  radar  contact.  If  thr.  stapling 


path  la  correct,  it  indicates  that  the  plune  wee  not  present  at  850  aetars 


at  this  ties 


KD  Indicates  tracer  war  not  detectable. 


I? 
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Table  0-1 

Aircraft  Cryotrap  Data 


Average 


Saiaple 

Huiaber 


Start  Saaplo 
Tiae  Duration 


Altitude 
Above  Ground 


Arc 

Location 


Aircraft 

Speed 


Concentration 

(10-12cc/cc) 


2  LA 

:.2A 

23A 

24A 

25A* 

2GA 

21k 

28B 

29» 

30B 

3  IB 

32B 

34B 

sn 

35B 

36B 

37C 

33C 

39C 


1252 

1300 

1306 

1313 

1321 

1327 

1336 

1347 

1352 

1359 

1408 

1414 

1420 

1427 

1433 

1441 


270 

A2-A5 

72 

24.2 

210 

A4-A2 

55 

6.2 

610 

*- 

A2-A5 

77 

34.4 

600 

A4-A2 

58 

23.6 

850 

A1-A7 

— 

ND* 

890 

A4-A1 

54 

35.8 

L000 

A3-A7 

75 

HD 

220 

B3-B9 

68 

2.2 

260 

B7-B2 

59 

3.2 

220 

B2-B7 

63 

2.7 

580 

B3-B9 

68 

2.0 

590 

B7-B4 

60 

4.3 

910 

B3-B9 

69 

1.4 

850 

B7-B4 

60 

2.9 

1200 

B4-B9 

69 

13.6 

1450 

B9-B3 

55 

0.70 

1456  105 

1500 


1*- 


330 


12B2  _  114B2 

24.2  109 


C2.9-C4.3 
C5.7-C8.0 
E  of  C9 
C7.6-C5.7 


51 

41 

42 


Mtfl 

•**  «k'  ‘ 


42 


-  \  i. 

..  ;  i,  •  |  •  4 

- ■  r,v  j,  * 

*1.1  «  *.  •  i  %  *  •  'll 
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Table  C-l  (con't.) 


Staple 

Nuaber 


Average 

Start  Staple  Altitude  Aircraft  Concentration 

Time  Duration  Above  Ground  Arc  Speed  (10"12cc/cc) 
LSSSl - iaitery)..  Location  C«/e«c)  12B2  114B2 


4 1C 

1605 

150 

<  240 

C3.9-C2.1 

43 

n> 

ND 

•*f  * 

1646 

150 

240 

See  fig.  C-l 

43 

0.36 

ND 

4  3D 

1650 

150 

210 

It 

45 

3.7 

ND 

44D 

1654 

45 

210 

East  of  D~8 

45 

ND 

ND 

45D 

1659 

270 

490 

Sea  fig.  C-l 

47 

1.9 

ND 

46D 

1709 

240 

1000 

It 

49 

ND 

ND 

47D 

1714 

150 

1070 

>1 

47 

ND 

ND 

mi  -  ;  - 

f  k 

tfwyo  Av 

J  «ai  ?*>•* 

‘.l4t  ee  3  r.'f-tlv 


n  .  1 


‘  .  . 


.  ■ 


.i’j.  * 


. 

m 


It  •  ,  .  ..  • 


laf  v,  (  ,  if 

*  » .  «v  •  •  *  -  -  \ 

\  ■  *  «  ..*]■« ,  ¥~ 


f  # 


C-6 

Table  C-2 

Aircraft  Chrcmatc.gr  iph  Profiles 
Not— 

Profile  Area  is  the  integral  under  the  trace  of  SFg  concentration 
versus  time  (crosavind  integral).  Profiles  are  available  from  Ai 

Resources  Laboratories*  Silver  Spring*  Md. 

Profile  2A:  Kissed  the  plume  (chromatograph  sampled  too  far  to 
th  east).  Cryotrap  22A  sampled  over  a  longer  interval  and  "saw  the 
plume  on  this  pars. 

Profile  5A:  Ho  chromatograph  aaaple  taken  due  to  radio  trouble. 

Profile  7A:  Position  of  chromatograph  sample  unknown  due  to  radio 
trouble.  Cryotrap  27A  confirms  no  plume  detected  at  this  altitude. 

Profiles  11B  and  16B:  Still  in  pluae  et  end  of  A6  s-c  sampling 
period.  Values  in  parenthesis  are  estimates  of  total  area  under  extra¬ 
polated  profile. 

KD  indicates  SF  was  not  detectable. 

6 

Prof  ilea  22D,  24D,  26D,  and  29D:  "Btrely  detectable'1  indicates 
concentrations  on  the  order  of  1  to  3x10  ^cc/cc  with  the  instrument 
attenuation  setting  used  on  arc  D. 


Profiles  26D-29D:  Sampling  after  1700  MSI  probably  too*  place 


Table  C-2 

Aircraft  Chroaatograph  Profile*  (SIP*) 


Profile 
_  Area 


Aircraft 

Profile  Speed 

Location,  — 


Altitude 

Abort  Grc*md  Profilt 


Stcrt 

Tit* 

mu 


profile 

Safes* 


10”^*ec  cc/cc 


76.3 

ND 

64.5 
127.0 

No  Saaple 
33.0 
ND 

13.6 

10.5 

5.2 

10.3  (11.6) 

2.2 

13.6 
7.4 
7.7 

19.0  fl7.2V 


A2-A4 


270 


1251 


A5-A3 


210 


1259 


A2-A4 


610 


1305 


A4-A2 


oOO 


1313 


850 


A4-A2 


1327 


1000 


1335 


34-16 


1346 


B8-B6 


300 


1352 


B4-B6 


220 


x4CK 


B4-B7 


1408 

1414 


13-B6 


590 


B4-B7 


13B 

14B 


B8-B6 


850 


1428 


B6-B8 


IZ!9 


nk.au 


C8.4-C9.0 

C9.(W!8,4 


1 


. 
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